Mutant mice are an invaluable tool for investigation of mast cell differentiation . Giant granules of bgJ/bgJ mice are used as a marker to identify the origin of mast cells . Mice of WI WV, SIISId and mi/mi genotypes lack mast cells, and are useful not only for studying the differentiation processes but also clarifying the regulation mechanisms. Although mast cells had been considered to be derived from undifferentiated mesenchymal cells , we showed that mast cells are a unique class of blood cells. Unlike most blood cells, undifferentiated precursors of mast cells migrate in the bloodstream, invade tissues, proliferate there and then differentiate . Even after differentiation, some mast cells may proliferate. Moreover , after functioning (i.e., degranulation), some mast cells may proliferate and produce granules again . Differentiation of mast cells is promoted by both T cells and fibroblasts and is suppressed by differentiated mast cells . Mast cell deficiency of W/ W v, Sl/Sl d and mi/mi mice is attributed to defects of fibroblast-dependent mechanisms, and deficient mast-cell reaction in nude athymic mice to depletion of T cells .
Introduction
Mast cells have immunoglobulin E (IgE) receptors on their surface, and their immunological activity is mediated through these IgE receptors. Binding of antigens to IgE molecules results in formation of linkages between IgE receptors, and then release of the granules themselves or chemical mediators in the granules (proteoglycans, proteases, histamine, etc.). This process constitutes an important step in the immediate hypersensitivity reaction, which occurs in allergic diseases such as bronchial asthma, and allergic rhinitis. In addition to having a role in allergic diseases, mast cells have a physiological role as effectors of host defense mechanisms in intestinal helminth infection and dermal tick infestation.1-3)
Mutant animals
Mice of the bgJ/bgJ genotype is useful for studies on mast-cell differentiation, since the giant granules of this mutant can be used as a marker in investigating the origin of mast cells. Intravenous injection of bgJ/bgJ bone marrow cells into lethally irradiated congenic mice resulted in development of mast cells with giant granules, indicating the bone marrow origin of mast cells.4) We recently found a rat mutant comparable to bgJ/bgJ mice.5) This mutant rat may be useful for investigating differentiation processes of mast cells in rats. We found that mutant mice of either W/ W" or SI/Sl d genotype have no mast cells.6,7) The absence is attributed to a defect of precursor cells in W/ Wv mice ,6) and to a defect of the microenvironment necessary for differentiation of mast cells in SIISId mice. 7) We analysed the mechanisms of mast cell deficiency of W/ Wv and Sl/Sld mice by co-culturing mast cells and fibroblasts. Since the W locus was shown to be identical with the c-kit proto-oncogene that encodes a tyrosine kinase receptor,11,12) the product of Si locus may be the ligand for the receptor encoded by the W locus.
3T3 fibroblast cell lines derived from + / + embryos did not affect the IL-3-dependent proliferation of cultured mast cells, but Sl/Sld embryo-derived 3T3 fibroblast cell lines significantly suppressed the proliferation. Close cellto-cell contact was necessary for the suppression. The NWS 1 fibroblast cell line was established from the spleen cells of adult +/+ mouse. Although the NWS1 cell line had no supporting effect on the proliferation of mast cells in the absence of diffusible growth factors, it did not suppress the proliferation of mast cells induced by IL-3. The present result suggests that a product of mutant Si genes may be involved in the suppressive activity of SI/SI d mouse embryoderived 3T3 cells.10)
Mice of mi/mi genotype are osteopetrotic and are deficient in mast cells. As described in the case of W/Wv and Sl/Sl d mice, mast cells did develop when spleen cells of mi/mi mice were cultured in the presence of IL-3. However, milmi mouse-derived cultured mast cells did not proliferate when they were co-cultured with +1+ fibroblasts. Since fibroblasts derived from the skin of mil mi mice supported the proliferation of +/+ mast cells, the mast cell deficiency of mil mi mice was attributed to the inability of mil mi mast cells to respond to the proliferative stimulus presented by +1+ fibroblasts. 12 ) Although nude athymic (nu/nu) mice possess at least normal number of mast cells, they are useful for understanding the role of T cells for mast cell development. T cells produce IL-3 and IL-4, and these growth factors support development of mast cells in vitro.14,15) Moreover, IL-3 induces mast-cell reaction in the intestine of mice.1,15) In fact, a prominent increase of mast cells occurs at the infection site of Trichinella spriralis in normal control mice but not in flu/flu mice.
2) The lack of mast-cell reaction after parasite infection was normalized by the previous grafting of thymus to the nu/nu mice.
Differentiation processes
Although mast cells were originally considered to be derived from undifferentiated mesenchymal cells, we demonstrated that mast cells are the progeny of multipotential stem cells.16) Most of the progenies of multipotential stem cells leave hematopoietic tissue after they have maturated.
However, mast cells do not complete their differentiation in hematopoietic tissue although they are progeny of stem cells. The mast-cell precursors invade the connective or mucosal tissues, proliferate and differentiate into morphologically identifiable mast cells. 17, 18) Most progenies of multipotential stem cells lose their proliferative potential when they become differentiated morphologically. In contrast, mast cells that differentiate in the connective tissue have a long life span (probably more than one year), and at least a portion of morphologically identifiable mast cells have an appreciable proliferative potential.19) Moreover, mast cells can proliferate and reproduce granules after degranulation (Fig. 1). 
20)
The differentiation process of mast cells has some similarities with those of macrophages and T cells. Precursors of macrophages migrate in the bloodstream as monocytes, and proliferate after their arrival in the connective tissue. Both 
Inhibition of differentiation
Unpleasant symptoms accompany the overproduction of mast cells such as are observed in patients with urticaria pigmentosa, a benign skin tumor of mast cells. This fact suggests the possibility that suppression as well as induction of mast cell differentiation may be an important normal regulatory mechanism. Peritoneal mast cells of mice were eradicated by intraperitoneal injection of distilled water, and the regeneration process was analysed by estimating the changes in numbers of mast-cell precursors and morphologically identifiable mast cells. The presence of morphologically identifiable mast cells appears to suppress the invasion of the precursors from the blocd to the peritoneal cavity and to inhibit the differentiation of the precursors into morphologically identifiable mast cells. 21) Since the injection of large volume of distilled water did not appear to be physiological, another experimental system was developed to confirm the inhibitory effect of mast cells on invasion and differentiation of precursor cells; W/Wv mice were used as recipients.22) When bone marrow cells of +/+ mice were intravenously injected, the concentration of mast-cell precursors increased in the peritoneal cavity of W/ Wv mice and became several times greater than that of nontreated + / + mice, This increase was suppressed by a prior intraperitoneal injection of bgJ/bgJ-type cultured mast cells, which were used to identify the + / + origin of mast-cell precursors. The differentiation of +/+-type precursor cells to morphologically identifiable mast cells was also suppressed by the intraperitoneal injection of bgJ/bgJ-type cultured mast cells. 22) The diffusion chamber technique was used to investigate the mechanism of the suppressive effect. Cultured mast cells derived from +/+ mice and NIH/ 3T3 fibroblasts were coinoculated to diffusion chambers, and the diffusion chambers were implanted into the peritoneal cavity of either +/+ or W/ W v mice. The magnitude of proliferation of mast cells in diffusion chambers was not significantly influenced by the genotype of chamber recipients (i.e., the presence or absence of mast cells in the peritoneal cavity), suggesting that the suppressive effect may be mediated by direct contact between mast cells.23)
Phenotypic change between subpopulations
Mast cells may be classified into at least two phenotypically distinct populations; connective tissue-type mast cells (CTMC) and mucosal mast cells (MMC).1) CTMC are present in the skin, peritoneal cavity, and the muscularis propria of the stomach, among other sites. CTMC contain heparin proteoglycan and store relatively large amounts of histamine. In contrast, MMC are prominent in the mucosal layer of the gastrointestinal tract, and contain chondroitin sulfate proteoglycan and relatively small quantities of histamine. Recently, we estimated the turnover of CTMC and MMC by determining proportion of mast cells that were labeled with continuously administered bromodeoxyuridine. Bromodeoxyuridine was added to drinking water, and its incorporation was determined immunohistochemically.
The turnover of MMC in the gastric mucosa was significantly faster than that of CTMC. 24) We investigated the interrelation of CTMC and MMC by combined in vitro and in vivo approaches. The phenotypic expression of bone marrow-derived cultured mast cells was similar to that of MMC. But when cultured mast cells were injected into the peritoneal cavity of W/ W v mice, mast cells with the histochemical and electron microscopical features of CTMC appeared.25,28) Cultured mast cells synthesized chondroitin sulfate proteoglycan, but mast cells recovered from the peritoneal cavity of the W/ Wv mice synthesized heparin proteoglycan.27) The content of histamine increased to a level comparable to that of CTMC.2b) This suggests that MMC may change to CTMC in an appropriate tissue environment.
The phenotypic change occurs in the opposite direction as we11.28,29) When purified peritoneal CTMC of + /+ mice were cultured in methylcellulose with IL-3 and IL-4, about 25% of the CTMC formed colonies. When mast cells from each colony were grown in suspension culture, they sythnesized chondroitin sulphate proteoglycan. Then these MMC-like cultured mast cells derived from a peritoneal CTMC were injected into the peritoneal cavity of W/ Wv mice; the adoptively transferred mast-cell population again acquired the CTMC-like phenotype. Thus, clonal mast-cell populations, initially derived from a single peritoneal CTMC, exhibited multiple and bidirectional alterations between CTMC-like and MMC-like phenotypes. 29 
